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An improved method for detecting disease-related antigen in a 
complex is detected by exposing a patient sample to a solid phase having 
immune complexes are thus captured and may subsequently be separated 
the disease-relaxed antigen within the separated immune complex can then 



sample is provided. Antigen which is present in an immune 
immobilized binding substance for the immune complexes. Hie 
to the sample by removing the solid phase. The presence of 
be detected on the solid phase by conventional mcanc. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 



The present invention relates to immunoassays 
for the detection of disease ;-r elated antigens- More 
particularly/ the present invention relates to 
immunoassays wherein the det ected antigen is present in 
an immune complex in a patient sample. 

In the field of izurunology, there have been 
numerous reports relating tc 
disease-associated antigens , 

11 disease markers." Such antigens may be circulating 
plasma components, intracellular molecules , or cell 
surface molecules. Typical3|y, 
glycoproteins , glycblipids , 



the identification of 
often referred to as 



these are proteins , 
and the like, which are 



associated with normal or abnormal plasma components 
and/ or with abnormal cells hut not with normal cells or 
with normal cells in very snail quantities. Many 
attempts have been made to correlate the serum or plasma 
level of such antigens with |the presence and/ or status of 
the disease* 

Unfortunately , such correlations have been very 



difficult to make. Ideally, 
present in. all patients suf f 
disease but would be absent 
all normal subjects and pati 



a useful marker would be 
=sring from a particular 
from the sera or plasma of 
ants suffering from other 



types of diseases. At preseht, no such markers have been 
identified. Generally , it his been found that markers 



, associated with a particular 



universally associated with :hat disease in all patients 
and may sometimes be found i:i normal subjects. Such 
assays are thus subject to "raise" positives. 



For these reasons, 



provide an improved marker assay capable of furnishing a 



disease may not be 



it would be desirable to 
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undiscov< *red 



ti lmor * 



protocol 



or 



the 



disadvanl ^ages 



superior correlation between 
disease in question. It wou 
to provide such assays which 
known and presently 
5 The detection of 

immune complexes has been 
protocol, immune complexes 
immobilized Raji cells which 
complexes. In another 

10 first enrich, immune complexe 

plasma through a protein A 
complexes are then separated 
and presence of antigen in 
effected. Such previously- 

15 suffer from certain 

The use of Raji ce 
detection suffers from 
need for continuous 
tissue culture. With 

20 line, there is the possibility 

line which will in turn 
characteristics of the cells 
potential for the cell line 
several early passages of th«* 

25 cryogenically preserved as 

line- In addition, there arei 
problems associated with 
must be considered, such as 
or viral contamination. 

30 exercised to ensure that 

antibodies reactive with the 
i false positive results in the 
The use of solid pi 
enrichment step suffers some 

35 protein A is an excellent 

enriching immune complexes, 
immune complexes from proteii 



proposed. 



the assay maker, and the 
,d be particularly desirable 
may be employed with both 
markers . 

-associated antigen in 
In one such 
e detected by exposure to 
bind to the immune 

, it has been proposed to 
by passage of patient 
similar column. The 
by elution from the column, 
enriched fraction is 
proposed protocols, however, 



several 



maintenance 



continuous 



aff ecit 



to 



FClVUbWlHimU 



be ckup 



Is for immune complex 

disadvantages. There is a 
of the cell line in 
passage of the cell 
of changes within the cell 
the immune complex binding 
There is also the" 
die out; therefore, 
cell line must be 

sources for the cell 
the general inherent 

culture techniques that 
the potential for bacterial 
caution must also be 
es analyzed do not contain 
Raji cells, thus leading to 
assay. 

ase protein A as an initial 
disadvantages - Although 
for selectively 
tlhe disassociation of these 
A requires somewhat harsh 



tissue 



More lover 



sami'l 



eni ity 
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conditions which include 
with chaotropic agents - 
the immune complexes may 
and, indeed, some immune c< 
damaged. Thus, it would be 
analyze the immune complexes 
need to dissociate complexes 
extraction step. 



dra matic 



pH changes or treatment 
such treatment, not all of 
for further analyses 
may be irreversibly 
desirable to bind and further 
in a single step without the 
formed in an initial 



After 



reassociate 



ouplexes 



2 . Descripti_Q_n_of the Background Art 



U.S. Patent No. 4, 
complex assay including em 
passage of patient plasma 
specific for the immune a 
complexes are then separated 
the separated complexes 
antigen. Gupta et al. (1983 
599, describe the detection 
in eluates from Staphyl 
the immunoadsorption of 
Theofilopoulos et al. (1978) 
1581, describe an assay for 
Raji cells for binding of th£ 
relationship between immune 
is described in detail in 
Am. J- Path. 531-594. 



th rough 
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LOCOCCi is 



plas] m 



SHE 



invent: on 
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Cc ncers 



pi esent 



SUMMARY OP 

The present 
diagnosing and monitoring 
as autoimmune disorders or 
related antigens which are 
immune complexes in a patient 
antigens found in such immune 
provide an improved 
compared to methods which 
antigen, either with or without 



correlat j on 



mea sure 



711,839, describes an immune 
enrichment step, typically 
an affinity column 
s« The enriched 
from the column eluant, and 
for tumor-associated 
Clin- Exp. Immunol. 53:589- 
)f tumor-associated antigen 
azireas columns used for 
from a melanoma patient. 
J. Clin, invest. 59:1570- 
; jmnune complexes employing 

immune complexes. The 
Aomplexes and human disease 
The tof ilopoulos and Dixon (1980) 



INVENTION 

provides methods for 
-related diseases, such 
, by detecting disease- 
as part of circulating 
sample. The measurement of 
complexes has been found to 
with disease status when 

free disease-related 
detection of immune 
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complexes. Preferred method* s of the present invention 
will measure complex-associa'ied disease-related antigen 
to the exclusion of free disoase-related antigen. 

In a first aspect of the present invention, an 



aliquot of a patient sample, 



such as blood, plasma, 



serum, urine, or the like, is exposed to a solid phase 



having immobilized receptor i r 
protein A, Clg, C3b receptor, 
antibody, anti-C3b antibody, 



separating the solid phase from the sample, substantially 
all immune complexes initially present in the sample are 
retained by the solid phase to the exclusion of any free 



antibody which may have been 



present in the sample. 



Immune complexes which contain the disease-related 



antigen are then detected on 
In a second aspect 



the separated solid phase, 
of the present invention, 



antigen related to an autoimmune disorder is detected in 
a patient sample by first introducing an aliquot of the 
sample into a test well coated with receptor specific for 
immune complexes. The receptor is present in an amount 
greater than that needed to bind all immune complexes 
which could reasonably be expected to be present in the 
aliquot of the patient sample- 
liquid sample from the test w 
immune complexes initially pr 



bound to the test well. An aitibody which binds 



specifically to the autoimmun 
to the test well, also in an 
needed to bind all autoimmune 
reasonably be expected to be 
between the antibody and the 



detected in the test well* 

In a third and preferred aspect of the present 
invention, a tumor antigen or 

sample using substantially tfcut same method steps 
described for detecting autoimmune antigens. 



or immune complexes, such as 

anti-Ig antibody, anti-ciq 
or the like- By then 



By then removing the 
ill, substantially all 
sent in the sample remain 



* antigen is then introduced 
mount greater than that 
antigen which could 
,.n the test well. Binding 
autoimmune antigen is then 



"marker" is detected in the 
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Sam; les 



cf 



immune 



BRIEF DESCRIPTION 
Fig. 1. Serum 
autoimiaune thrombocytopenia 
for the presence and levels 
gpllbllla in circulatory 
the elevated levels of 
serum samples from ITP 
samples from normal subjects 
for the ITP group was 
as determined statistically 
sample test. 



antibcdy 
patier ts 



signif a cantly 



DESCRIPTION OF SPECIFIC EMBODIMENTS 

Antigen and antibocy may form freely in plasma 
to form circulatory immune complexes (cic) . Normally, 
the presence of antigen in c:rculation is sufficiently 
low, or the antigen is present for sufficiently brief 
time, that the CIC are removed by the phagocytic 
mechanisms of the immune syst« 



OF THE DRAWINGS 

from normal subjects and 
(ITP) patients were assayed 
platelet antigen component 
complexes (CIC) . Note 
specific for gpllbllla in 
as compared with serum 
Moreover, the mean value 
(P=0 . 0286 ) elevated 
the Mann-Whitney two 



ky 



em. However, because of 



disease activity, high concentrations of disease antigen 
may persist for long periods of tjjme. It is believed 
that the formation of these complexes may have two 
effects which relate to the detection of disease- 
associated antigen in serum or plasma. First, because 
the antigen is involved in such complexes, the antigen 
may be refractory to detection by normal immunoassays. 
This situation would lead to 



second, because low levels ol antigen may be present in 
normal individuals which wil . not form CIC, false 
positive results can be detected in normal immunoassays. 
Both sources of error may be obviated by detecting 
, disease associated antigen oily as present in cic, as 
* accomplished by the method o: the present invention. 

The assay of the present invention comprises an 
immune complex capture step :ollowed by a disease-related 



antigen detection step. The 



false negative results. 



capture step utilizes a 



solid phase substrate which xas an ijnmune complex binding 
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will 



or 



substance immobilized on .a 
complex binding substance 
amount , i . e « , an amount mbr £ 
immune complexes which migh 
present in the patient samp 
solid phase from the patien-f 
phase surface to remove non 
substances, the immune comp 
sample will remain bound to 
absence of any free antigen 
The presence of the disease 
immune complexes may then hi . 
solid phase surface. 

Suitable patient 
specimen which is a liquid 
might include immune complex 
interest. Preferred patient 
serum, plasma, lymph fluid, 
patient samples include 
like. Particularly preferred 
samples . 

Liquid patient 
aliquots having a volume sui 
assay protocol, as described 
Suitable aliquot volumes 
0.5 ml to about 5*0 ml, 
about 1 ml to 3 ml. Usually 
pretreat the sample prior to 
cases filtration to remove 
be employed. Serum and 
obtained from whole blood by 
techniques • 

The antigen to be 
characteristic of a particu 
monitored* The antigen will 
response in. the patient whic 
circulating immune complexes 



surface thereof. The immune 
be present in an excess 
than sufficient to bind all 
; reasonably be expected to be 
e. By then separating the 

sample and washing the solid 
bound proteins and other 
exes initially present in the 
the solid phase in the 
which may have been present, 
related antigen in the bound 
detected on the separated 



urn e 



sanpl 



will 



usually 



plas na 



4amples include any patient 
may be liquified and which 
es containing the antigen of 

samples include blood, 
and the like. Other suitable 
, saliva, tears, and the 
is the use of patient serum 



es will be divided into 
table for the particular 
in more detail below, 
be in the range from about 
being in the range from 
, it will be unnecessary to 
testing, although in some 
particulate contaminants will 
, of course, will be 
conventional separation 



detected will be 
r disease to be diagnosed or 
elicit a humoral immune 
i results in the formation of 
as described generally 
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above, of particular interest to the present invention 
are antigens which elicit ai immune response and which 
are thus responsible for an immune-related disorder such 
as autoimmune disease or neoplastic disease (cancer) 
Such antigens include platelet antigen component 
gpllbllla, which is characrb eristic of immune 
thrombocytopenia , Le x glycoMpid antigen, which is 
characteristic of adenocarcinoma, rheumatoid factor, 
which is characteristic of 3 rheumatoid arthritis, glutamic 
acid decarboxylase, which ii; characteristic of Type 2 
diabetes f and the like. Preferred tumor markers for 
detection by the method of 1±ie present invention include 
carcinoembryogenic antigen CEA) ; prostate-specific 
antigen (PSA); CA 125 (ovar: an cancer); CA 15-3 (breast 
cancer); CA 19-9 (pancreatic cancer); neuron-spec if ic 
enolase (NSE; tumors of neuroendocrine origin) ; mammary 
serum antigen (USA) ; mucinoi s-like carcinoma-associated 
antigen (MCA) ; and tumor-ass ociated glycoprotein (TAG) 
72.4. Antibodies and othei natural binding receptors 
capable of specifically reccgnizing each of these 
antigens are well described in the patent and scientific 
literature. 

The present invention will employ a solid phase 
substrate which may be contacted with the patient sample 
of interest and thereafter separated from said patient 
sample while remaining physically intact. Preferably, 
this solid phase will be composed of a relatively rigid, 
non-swe liable material which is dimensionally stable 
before, during, and after contact with the patient 
sample. A variety of suitabLe materials are available , 
including glass; ceramics; aid plastics, such as 
polypropylene, polystyrene, polyvinyl chloride, 
po ly ethylene t er eph that lat e , 
and the like. 

Suitable immune cojaplex binding substances are 
well known in the art and in :lude protein A, Clg 
complement protein, C3b receptor protein, anti-human 



solid phase polymeric resins, 



uct-«-uo •u£:44pm< rrom-mtei isciuai rropeny ueparimem 
WO 94/17410 



31 U-033-P3f 4 



i-i ou r.uu/utg r-n » 



10 



IS 



20 



25 



30 



35 



like. 



varj 



immunoglobulin (anti-lg) ant|ibody 
anti-C3b antibody, and the 
substances are all proteins 
solid phase substrate by a 
techniques. Such techniques 
heterobif unctional linking 
require the derivatization 
protein and substrate surf acje 
binding techniques are well 
scientific literature. See, 
in Enzyme-Lxnked immunosorbent 
and Friedman, eds., 1980, pp 

incor porated 



of 



di sease- 



detected 



introduction 



bin iing 



disclosure of which is 

Presence of the 
immune complex will be 
natural binding receptor or 
introduction of an observablj* 
be mediated by the 
receptor, or ligand. Most 
disease-related antigen may 
observable label so that 
the antigen will result in 
the solid phase- A variety 
techniques for introduction 
phase are also available, 
primary antibody may be 
which binds to the antigen 
then be introduced using a 
which is specific for the 
(mouse antibody) antibody as 
the primary antibody is mous 
alternative, a biotinylated 
antigen may first be introdu 
followed by the introduction 
high binding affinity betweeji 
(including streptavidin) 

label using this latter 



8 



, anti-Clg antibody, 
These binding 
and may be immobilized on the 
iety of conventional 
typically employ 
rjeagents, and may optionally 
either or both of the 
prior to binding- such 
described in the patent and 
for example, Voller et al., 

Assay , second ed., Rose 
. 359-371, the full 

herein by reference, 
-related antigen in the 
using an antibody or 
ligand for the antigen. The 
label to the antigen will 
of the antibody, 
dRxectly, the antibody for the 
itself be coupled to the 

between the antibody and 
introduction of the label to 
3f other indirect binding 
□f the label to the solid 
example, an unlabeled 
to the solid phase 
interest. The label may 
labeled secondary antibody 

antibody , e.g., anti- 
the secondary antibody when 
* antibody. In a preferred 
antibody specific for tJae 
sed to the solid phase, 
of labeled avidin. The very 
biotin and avidin 

the introduction of 

such biotin-aviain 



F:>r 



intr educed 



of 



pr Lmary 



enhinces 



technique. 
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bridge labelling techniques 
(1981) Airu J * Clin. Pathol. 



such as fluorescein and its 



be run to capture and isolat 
immune complex from the pati 
subsequent detection of disc 



are described in Hsu et al. 
75: 734 , the disclosure of 



which is incorporated herein by reference. 

A variety of detectable labels are suitable for 
use in the present invention- Enzymes are of particular 
interest, including hydrolases, particularly esterases 
and glycosidases, and oxidoreductases, particularly 
peroxidases . Also suitable are radioactive labels, such 
as 125 i, 32 P, 14 C, and the like; fluorescent compounds 



derivatives, rhodamine and 



its derivatives, dansyl, umhelliferone, and the like; and 
chemiluminescers such as luc if or in and luminol, and the 
like. These detection labels may be used in solid or 
liquid phase systems* 

Assays according tjo the present invention will 



e a sufficient amount of 
ent sample to permit 
ase-related antigen in the 



immune complex without the need to dissociate the antigen 
from its bound antibody in the complex. This is done by 
providing excess binding sut stance specific for the 
immune complex on a solid phase surface to contact the 
patient sample and capture substantially all immune 
complex which would be reasonably expected to be present 
in the tested volume of sample. The solid phase is tben 
removed from the sample, and the sample surface washed so 
that the presence of disease -related antigen on the solid 
phase surface may be detectei. By detecting only the. 
disease-related antigen present in immune complexes , an 
improved correlation with disease status has been found. 

An exemplary assay will employ microtiter 
plates, each including a plurality of test wells, as the 
' solid phase; The immune complex capture substance, 
typically anti-Clg or anti-Ct antibody, is immobilized on 
the inner surface of each te;5t well, and aliquots of 
liquid patient sample are th^n introduced to each test 
veil to effect capture of tin* immune complexes by the 
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immune complex binding 
may then be withdrawn from 
well then washed to remove 
or other binding substance 
related disease is next 
binding between the binding 
detected using conventional 
utilized in enzyme-linked i 
systems. For example , 
for the antigen may be i 
The remaining reagents 
fluorescent, or luminescent 
the wells to provide a 
qualitatively and/ or 
amount of antigen-related 
in the patient sample. 



10 

substances « 



introduced 



The patient sample 
-:he test wells, and each test 
unbound substances- Antibody 
Specific for the antigen- 

to the test well, and 
substances and antigen may be 
techniques , typically those 
i immunosorbent assay (ELISA) 

-labeled antibodies specific 
in a suitable buffer, 
to produce a colored, 
signal are then introduced to 
signal which is 

indicative of the 
in the immune complexes 



enzyu e 



intrc duced 
neces sary 



detec table 



quantit atively 



slX) tigen 



EXPERIMENTAL 



hunan 



antibo lies 



ammon ium 



Materials and Methods 

Specific antibodie 
component Clg were affinity 
antiserum over an immunoadso 
covalently bound purified 
The affinity purified 
precipitation with 50% 
were dissolved in 0,01 M 
pH 8*6, and extensively 
Microtiter wells were then 
purified anti-Clq antibody 
microtiter wells could then 
substrate for specifically 
present: in serum or plasma 

For the disease 
samples from normal subjects 
with immune thrombocytopenia 
disorder in which patients 
their own platelets and are c 



phoj ;phate 



dial 1 rzed 



coated 



3 to complement protein 
purified by passage of goat 
rbent column containing 

complement component Clg. 

were concentrated by 
sulfate after .which they 
buffered saline (PBS) , 
against PBS, pH 8.6. 
with loug of affinity 
o+emight at 25°C These 

be employed as a solid phase 
b: Jiddlng Clg containing cic 
japles « 

marker assay, we utilized serum 
and from patients diagnosed 
(ITP) - ITP is an immune 
develop antibodies against 
t risk for a fatal bleeding 
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sei *um 



incubi ited 



episode due to abnormally low 
platelets which are required 
a bleeding event. 

In this assay , 
in PBS, pH 7.5, containing 
The samples were then i 
60 minutes at 25°C. After 
washed 3 times with PBS, pH 
polysorbate (PBS /poly sorbat^) 
were incubated with a 
monoclonal antibody to 
gpllbllla for 60 minutes at 
wells were washed 3 tiaies 
washing, the wells were a 
containing peroxidase 
minutes at 25 °c. After 
3 times with PBS /polysorbate 
solution containing o~ 
catalyst was added to each 
After appropriate color 
stopped by addition of 5 N 
was measured in an ELISA 



solut: on 
plat< aet 



plate 



detem ine 



Results 

In order to 
of the ITP related CIC, the 
invention was performed on 4 
patients diagnosed with ITP. 
significantly higher levels 
antibody specific for the 
in patient samples indicating 

, specific platelet antigen 
that enrichment of CIC on so 
allow for the detection of 
present in the immune 
Although the 

► described in some detail by 



completes, 
for eg Ding 



T-780 P.01B/DZ3 F-Z17 



amounts of circulating 
for adequate coagulation of 



samples were diluted 1/10 
% bovine serum albumin (BSA) . 

in microtiter wells for 
ncubation, the wells were 
7.5, containing 1% 

After washing, the wells 
containing biotin labeled 
antigen component 
25 °C. After incubation, the 
PBS /polysorbate . After 
with a solution 
strep^avidin for 30 
, the wells were washed 
After washing, substrate 
iamine with H 2 0 2 as a 
and incubated at 25 °C«. 
, the reaction was 
Sulfuric acid. The absorbance 
reader at 492nm. 



w: th 



inci bated 



conjuc ^ted 



inctbation, 



-phenyl enedi 



veil 



development k 



the disease specificity 
assay of the present 
normal subjects and 4 
As shown in Fig. 1, 
of labeled monoclonal 
dijsease antigen were detected 

the presence of disease 
present in CIC. This indicates 
lid phase substrates will 
disease specific antigen 



invention has been 
*ay of illustration and 
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example for purposes of 
be obvious that certain 
practiced within the scope 



clarity 



of understanding, it vill 
and modifications may be 
Df the stated claims* 



changes 
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WHAT IS CLAIMED IS ; 

l. A method for 
antigen in a patient sample 

exposing an 
phase having immobilized 
complexes; 

separating the so 
whereby immune complexes in 
remain bound to the solid 

detecting the 
which contain the disease- 
separated solid phase 



bi: iding 



.id phase and the sample , 
.tially present in the sample 
piase; and 
presence of immune complexes 
related antigen on the 



2. A method as 
phase is selected from the 
wells , test tubes , dip 



sticl :s 



:ji claim 1, wherein the solid 
^roup consisting of microtiter 
, and beads. 



:n 



3* A method as 
complex receptor is selectee 
protein A, Clq f C3b receptoi 
antibody, and anti-C3b antibody 



4. A method as 
complexes are detected on trie 
the solid phase to a labeled 
specifically to the antigen 
presence of label on the sollid 



the 



5. A method as 
complexes are detected on 
the solid phase to an 
t specifically to the binding 
substance , and (b) observing 
solid phase. 
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detecting a disease-related 
said method comprising: 
of the sample to a solid 
substance for immune 



claim 2, wherein the immune 
from the group consisting of 
, anti-lg antibody, anti-Clq 



n claim 3, wherein immune 
solid phase by (a) exposing 
substance which binds 
and (b) observing the 
phase. 



claim 3, wherein immune 
solid phase by (a) exposing 
intemjediate substance which binds 
sites on the intermediate 
the presence of label on the 
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in 



substan 



6. A method as 
intermediate binding 
which binds to the antigen 
labeled avidin. 



aid 



7. A method as ifr 
labeled substance includes a 
group consisting of enzymes , 
fluorescent substances, chem: 
bioluminescent substances* 

8. A method as ir 
disease-related antigen is a 



claim 1, wherein the 
tumor antigen. 



aliqiot 



9- A method for d 
to an immune-related or a neo 
patient sample, said method c 

introducing an 
a test well coated with recep 
complexes, wherein the amount 
greater than that needed to b 
is expected to be ixi the 

removing the liquid 
whereby substantially all i 
present in the sample remain 

introducing to the t 
binds specifically to the i 
amount needed to bind all 
expected to be in the aliquot 

detecting binding 
autoimmune antigen in the test 



aliquot 



limine 



j 10 • A method as in 

complex receptor is selected 
protein A, Clq, C3b receptor, 
antibody, and anti-C3b antibody 



claim 5, wherein the 
is a biotinylated antibody 
the labeled substance is 



claim 4, wherein the 
label selected from the 
radioactive substances, 
luminescent substances, and 



etecting an antigen related 
plastic disorder in a 
uprising: 

of the patient sample to 
:or specific for immune 
of coated receptor is 
tid all immune complex which 

of patient sample; 
sample from ttie test well, 
complexes initially 
iound to the test well; 
est well antibody which 
antigen in an 
greater than that 
:>£ patient sample; and 

the antibody and the 

well. 



xmav ne-related 



anti gen 



be :ween 



iJlaim 9, wherein the immune 
the group consisting of 
JOVti-Ig antibody, anti-ciq 
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11. A method as 
antibody introduced to the 
detectable label , and bind 
the immune-related antigen 
presence of label bound to 



12. A method as 
antibody introduced to the 
binding between the antibody 
antigen is detected by 
observing the presence of 



in claian 10, wherein the 
test well is biotinylated, and 
and the immune-related 

labeled avidin and 
llabel bound to the test well. 



introducing 



13. A method as 
is selected from the group 
radioactive substances, 
chemiluminescent substances 
substances . 



In claim 11 , wherein the label 
consisting of enzymes , 
substances , 
and bioluminescent 



flu crescent 



14 . A method as 
is selected from the group 
radioactive substances, 
chemiluminescent substances 
substances. 
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in claim 10 , wherein the 
test well is attached to a 
ng between the antibody and 
is detected by observing the 
the test well. 



n claim 12, wherein the label 
consisting of enzymes , 
substances, 
and bioluminescent 



fluorescent 



j 
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